Novarsurol is an organic compound containing mercury, which was introduced by the Bayer company as an antisyphilitic agent. Its therapeutic use in this disease was first described by Zeiler (1917) . Its constitution is sodium oxymercuric-ortho-chlorphenol-oxylacetate with diethylmalonylurea and may be represented as follows (White, 1924) : It is prepared for use as a 10 per cent neutral sterile solution. The marked incidental diuretic action caused by its administration was noted soon after its introduction, especially in those cases in which considerable edema had developed. Its use as a diuretic in cases other than those of syphilitic origin was naturally suggested by this occurrence.
It has been known for a long time that the administration of mercury produces diuresis. Even as early as 1799 Ferriar stated that the diuretic action of digitalis was increased when given in conjunction with calomel. Jendrassik (1886 Jendrassik ( , 1891 was the first to draw attention to the striking effects that could be produced by the use of calomel alone. He administered repeated small doses by mouth and obtained a remarkable diuresis in cases of edema. This treatmentwas in vogue for some time but gradually became much less used as different observers reported deleterious after effects on the kidney. There has been a good deal of debate as to the mechanism by which this 333 3USE OF NOVASUROL IN EDEMA diuresis is produced. The majority of observers now, as is seen in Cushny's (1917) review of the literature, favor the view that it acts directly on the kidney.
Novasurol has already been used in many types of edema. It has apparently no effect on inflammatory exudates. Practically all observers are agreed that it is contra-indicated in renal disease. In the ascites due to cirrhosis of the liver and carcinoma, reports of the results obtained vrary considerably. In heart disease on the other hand remarkable results have -been desaribed by several observers.
The first account of its use as a diuretic was given by Saxl and Heilig (1920) . They obtained diuresis up to three liters by giving I to 2 cc. by intramuscular injection, and the patients lost weight corresponding to the diuresis. The chloride in the urine was increased both in total quantity and in concentration. The injection of atropine inhibits the diuresis. In a small number of their cases -troublesonte attacks of diarrhea developed. No evidence of klidney damage occurred. The fact that this drug can remove edema which had resisted the usual forms of medication has been confirmed by several observers. The increase in chloride output has also been confirmed by all who have studied this point. Sail and Heilig (1920) in addition found that the total quantity of nitrogen excreted in the urine was unaltered. Miihling (1921) states that the total nitrogen, urea and creatinin in the urine were increased. He says this increase may occur one or two days later than the other effects.
The mechanism by which novasurol acts has aroused a considerable amount of controversy. Saxl and Heilig (1922) believe that the action is on the extra renal tissues. They studied the protein content of the plasma by means of the refractometer and found a decrease in the early stages in the majority of cases. Consequently, they tink that the diuresis is secondary to hydremia. In their opinion fiuid and salt are first transferred to the blood from the tissues and then excreted by the kidney. The chloride in the plasma was first reduced, the lowest value being obtained in 4 to 6 hours, and later began to rise again. In the cases in which diuresis was arrrested by giving atropine hydremia and hyperchloremia developed. Saxl and Heilig (1923) made some experiments on dogs to which uranium nitrate had previously been given. When novasurol was injected soon after giving uranium, dilution of the blood took place and an increase in the chloride content, followed some hours later by concentration of the blood and diminution in the plasma chloride. Some time later after uranium nephritis became established there was a dilution of the blood and the chloride content was increased. On giving novasurol now diuresis occurred without further dilution or increase in chloride concentration. In still later stages of uranium poisoning the effect of novasurol was to produce polyuria without any increase in the chloride in the urine. At this stage they think novasurol reactivates uranium. Nonnenbruch (1921) and Eppinger (1921) Tezner (1923) studied the rate of absorption of normal saline solution injected subcutaneously into the instep in children and found that this was absorbed more rapidly when novasurol had been previously administered. This is additional evidence he thinks that the action of the drug is-on the tissues. Miihling (1921) was unable to confirm the changes found in the blood by the observers just mentioned and believed that the action of novasurol is on the kidney tissue. Klucke (1922) is of the same opinion. Bleyer (1922) on the other hand found the changes in the blood to be so slight that he was unwilling to draw conclusions from them. Brunn (1921) considers that no conclusive evidence has been brought forward as to the site of action, while Fodor (1923) think that it acts neither directly on the kidneys nor on the tissues, but on a hypothetical centre in the medulla which regulates water and chloride metabolism.
An extensive study of the toxic effects of novasurol has been made on syphilitic subjects by Zeiler (1917) , who administered 5000 injections to 900 patients. He found that therewas vomiting in 2.4 per cent of cases and 0.5 per cent of injections, diarrhoea in 6 per cent of cases and less than 1 per cent of injections, stomatitis in 4 per cent of cases. Fainting occurred in a very small number. From these effects recovery was rapid and they were considered to be of little importance. There was kidney irritation in less than 1 per cent of cases and only in those in which evidence of previous kidney disease existed. He states that albuminuria when present progressively improved even when it had been produced by calomel or grey oil. The only other toxic symptoms which have been described occurred in a few cases in which hemorrhagic colitis appeared. One case of hemorrhagic encephalitis was attributed to the action of the drug. All those who have studied the subject clinically agree that toxicity is infrequent and rarely severe and that there is no evidence of kidney damage unless the kidney has previously been diseased.
The present investigation has been undertaken to study the effect of novasurol on edema in such cases of cardiac disease as were resistant to treatment with diet, rest, and drugs, and to find whether the drug produced any deleterious effects on the organism. The alterations produced in the various constituents of the urine, blood and edema fluid, were also studied with a view to obtaining some light on the mechanism by which the drug acts.
METHOD OF INVESTIGATION
The patients examined were treated throughout the investigation by rest in bed and salt free diets, except in two cases which received 1 33S5 3USE. OF NOVASUROL IN EDEMA gram of salt per diem. Their fluid intake was restricted to 1200 cc. per diem. Before novasurol was given digitalis was administered until one was assured that no effect on the excretion of urine was obtainable, by this means. In four of these patients who were suffering from fibrillation of the auricles, it was thought advisable, in order to study the effect of novasurol under conditions in which as many factors as possible remained constant, to continue the administration of digitalis in amounts sufficient to maintain the ventricles at a constant rate. Digitalis was, however, never given during the test itself. In two cases of auricular fibrillation and in the cases in which the cardiac rhythm was normal, the heart was not under the influence of digitalis when novasurol was being investigated. During the preliminary period of the investigation the urine was collected in 12 hour specimens. In estimating the fluid intake both the actual fluid and food fluid were measured. The volume of urine, specific gravity and the chloride output were determined in each specimen. When the water and chloride output reached a constant level, novasurol was given. In many of the observations the urine was collected in 3-hour periods for 24 hours before and 48 hours after the administration. In these specimens the volume, specific gravity, chloride, and sometimes the urea and ammonia of the urine were estimated. In the interval between injections the volume and chloride of the urine continued to be studied in 12 hour specimens as before. Chloride was estimated by a Volhard titration and urea and ammonia by the method of Van Slyke and Cullen (1914) In the cases in which we investigated the question of dilution or concentration of the blood, specimens were taken one half hour after the injection and at frequent intervals up to 7 hours. In these specimens we determined the percentage of protein in the plasma by means of the refractometer, plasma chloride, corpuscular volume and, in some cases, the hemoglobin percentage. When observations were made on the edema fluid this was done by puncturing the tissues with a Southey tube and collecting the fluid which exuded. On such occasions the edema fluid was collected at the same time as the sample of blood and the chloride content of the fluid was estimated by the same method as was used for plasma chloride.
Novasurol was administered in doses of 1 to 2 cc. by intramuscular or intravenous injection. In the two cases in which the latter was used there was found to be no advantage in it over the intramuscular method. A preliminary injection of 1 cc. was given to guard against the possibility of an idiosyncrasy to the drug. Afterwards injections of 2 cc. were usually employed. The drug was injected into the buttock in most instances, but in those in which there was edema of this region it was injected into some edema-free muscular region, usually the muscles of the back. Injections were not repeated at intervals shorter than four days, except in the case of the injection following the preliminary 1 cc; this was given two days later. Previous observers found rapid repetition inadvisable.
OBSERVATIONS
The cases which we have selected for observation were in the most advanced stages of heart failure. Clearly a new diuretic has its princpal advantage if it is shown that with it edema fluid can be removed from cases in which it had been demonstrated that the usual methods of treatment failed. We have administered the drug to eight cases. Case 1. I. K., Hospital No. 4836. The patient was a man of 37 years of age. On admission he suffered from marked dyspnea and palpitation. He was extremely cyanosed. The heart was enlarged and systolic and diastolic murmurs were heard at the apex. The pulse was rapid and irregular. There was fluid in the right pleural cavity and moist riles were heard over both lungs. The liver was en-337 8USE OF NOVASUROL IN EDEMA larged and ascites was present. There was edema of the legs. Digitalis slowed the heart but failed to alter the edema. Diuretin was also unsuccessful. As the result of giving novasurol the patient's clinical condition improved enormously. Dyspnea while in bed disappeared. The cyanosis became much less marked. The peripheral edema, ascites and pleural exudate disappeared and the liver was reduced in size. These tended to recur unless controlled by further injections. The diagnosis was mitral stenosis; auricular fibrillation; acute cardiac decompensation.
Case 2. S. M., Hospital No. 4851. The patient was a man of 31 years of age. On admission he was dyspneic and cyanotic. The heart was enlarged and there were systolic and diastolic murmurs to be heard at the apex. The pulse was rapid and irregular. There were moist riles all over the chest but no fluid in the pleural cavities. The liver was enlarged and there was well marked ascites. There was edemaof thelegs. Digitalis showed theheart but failed to alter the edema. Diuretin also failed to produce any action. Theocin produced a slight diuresis but caused symptoms of gastric irritation. Novasurol injections produced a marked improvement. Dyspnea and cyanosis disappeared. The edema of the legs,and the ascites disappeared and the liver was reduced in size. Improvement continued without further injections. The diagnosis was mitral stenosis; auricular fibrillation; acute cardiac decompensation. On admission she was dyspneic and complained of marked palpitation. There was considerable cyanosis. The cardiac pulsation was marked so that the left side of the chest heaved with each beat. The heart was enlarged and systolic and diastolic murmurs were heard all over the chest, especially in the region of the apex. The pulse was rapid and irregular. There was no exudate into the pleural cavities but a few moist riles were heard. The lower border of the liver was mid-way between the umbilicus and pubis. Therewas neither ascites nor edema of the legs but there was slight edema of the sacral region. Digitalis even in small doses occasioned the onset of pulsus bigeminus and made the clinical condition worse. During previous admissions to hospital she had reacted well to digitalis. Theocinwasgivenwithout effect. After an injection of novasurol the improvement was striking. Dyspnea disappeared. The color improved and palpitation became slight. The heart rate was reduced, pulsation in the neck was absent and in many instances the size of the liver was reduced 5 cm. This improvement continued for some time after each injection and then the patient would become suddenly worse. Eventually a stage was reached when no response was elicited and the patientdied. Thediagnosiswas mitral stenosis; auricular fibrillation; acute cardiac decompensation.
branes. The heart was large and them were systolic and diastolic murmurs to be beard at the aortic area. The pulse-wasslow,irregularand water-hammer. There -was a considerable amount of fluid in the right pleural cavity. There was slight lkrgement of the liver and mid in the abdominal cavity. There was no -edema of the legs. Thoracoceattsis was performed on three occasins on account of respiratory distrmss. The patient was thoroughly digitalized. There was marked improvemt in the clinical conditio, but fluid persisted in the abdomen. As the result of novasurol injections this was completely removed and has not reaccamulated. The diagnosis was aortic disease; -auricular fibrillation; acute cardiac decompensation.
Case 5. S. N., Hospital No. 4971. The patient was a man aged 38years. He ws nervous and suffered from dyspnea and cyanosis. The pulse was reg-ular.
The systolic blood pressure was 152, the diastolic 120. The heart was enlarged but there were no murmurs to be heard. There was fluid in the right pleural cavity and moist Trles in the lungs. The liver was slightly enlarged and ascites was present. There was edema of the legs. There was no evidence of kidney insufficiency. After giving digitalis diuresis began but this was not maintained suffiiently long to produce a marked reduction in the edema. The clinical condition improvred whil-e th-e diuresis lasted but then a relapse took place. The patient did not react weR to the first dose of novasurol and no improvement occurred. The second injection had a better effect and was followed by definite improvement. The patient died suddenly at stool five days after the last injection had been given. His clinical conditi-on appeared better on the day he died than it had been since admission. The diagnosis was essential hypertension; cardiac hypertrophy; acute cardiac decompensation.
Case 6. L. L., Hospital No. 4935. The patient was a female -aged 46 year She showed the typical symptoms of exophthalmic goitre. She suffered from marked dyspnea and complained of a considerable amount of pain and tenderness over the precordium and left arm. Cyanosis was not marked. ' The pulse was slow and irregular. The heart was enlarged and a systolic murmur w5as present at-the apex The sounds were clearat theother area There was fluidin the right pleural cavity and ascites was also present. The liver was not enlarged. There was edema of the sacral region and legs. No improvement followed the useof digitalis. Giving theocin resulted inaslight diuresisbut was accompaniedby symptoms of gastric irritation. An hour after 1 cc. of novasurol was given the patient had a rigor lasting a few minutes azd the temperature rose to 1020. A little later she vomited; she was uncomfortable for several hours but quickly recovered. A definite diuresis occurred and next day the patient felt better than before -the njection. No He sulffered from marked dyspnea and cyanosis. The pulse was moderately rapid and totally irregular. The heart was enlarged. No murmurs were heard. There were sibilant rhonchi in the lungs but no moist riles were heard. The liver was enlarged and there was well marked ascites. There was considerable edema of the legs and sacral region. Thepatient showedprogressiveimprovement under digitalis.
Novasurol was administered during this period but there was no evidence that any part of the subsequent improvement was due to it. The diagnosis was chronic myocarditis; auricular fibrillation; acute cardiac decompensation.
Case 8. A. B., Hospital No. 4919. The patient was a woman aged 44 years. The outstanding symptom was tremendous abdominal distention due to ascites. This had necessitated tapping every three weeks since its onset one year and eight months ago. The patient suffered from dyspnea on exertion and this became marked when ascites was extreme. Cyanosis was slight but increased in proportion to the abdominal distention. Slight precordial pain was present when the abdomen was tense. The pulse was regular. The heart was greatly enlarged and systolic and diastolic murmurs were heard at the apex. The lungs showed no abnormality. The liver was enlarged. There was considerable edema of the legs and sacral region., No benefit followed the use of digitalis. Ascites progressively increased and relief was obtained only by abdominal puncture. Immediately before tapping novasurol was given with some increase in urine output. A second injection produced practically no effect. There was no alteration in the dinical condition. The day after the second injection 13 liters were removed by abdominal puncture. Novasurol injections were not repeated. The diagnosis was mitral stenosis; cardiac decompensation; perihepatitis.
Summary. These then were cases of severe heart failure in which edema was a prominent symptom. In six cases satisfactory diuresis followed the injection of novasurol. In Case 7 there was no effect from the administration; this case exhibited an increased urine volume following digitalis administration and novasurol was given to see whether it could produce an increase in this diuresis. This did not take place. In Case 8 the effect was very slight.
RESULTS
Changes in the body weight In every case in which marked diuresis occurred there was a corresponding fall in weight (table 1 and fig. 1 Dnuresas usually began within the first three hours after the injectiom of the drug and rapidly atained amaxim n 6to 9 hours. In cases ,where the circulation was more sluggish, the onset of diuresis appeared to be delayed. After attaining a maimmum, it gradually fell again until it regained its previous level. This was reached in most cases within 24 hours. In a few cases, however, the augmentation was maintained to a slight extent for another day. There was practically no difference in the rapidity of action between intravenous and intramuscular administration.
Chloride. One of the most striking effects of novasurol was the remarkable increase of chloride in the urine (table 1). Not only was there an absolute increase in the amount excreted, but the concentration in the urine increased as well ( fig. 2 ). The extent of the increase is in fact much greater than that described by Cushny (1917) as following the administration of other diuretics. Before the injection of the drug the chloride output was very small, being less than 50 millimols per diem in almost every case and in many instances, being much less than this. As a result of giving novasurol, the maximum output in 24 hours which was observed was 314.65 millimols. Usually the chloride excretion increased to about 200 millimols per diem. The chloride excretion followed closely the curve of water excretion as to time, except that on the day after injection a slight increase of chloride was more frequently maintained than an increase in water. Two days after the injection the chloride output had invariably fallen to its previous level, and in many cases to a lower level.
Urea and ammonia. The excretion of urea and ammonia was studied in the 3 hour specimens of urine corresponding to the blood specimens. In three instances urea and ammonia were estimated in 3 hour specimens throughout the 24 hours preceding and the 48 hours following the administration of novasurol. No constant.alteration has been observed in the amounts in the urine (table 1) . During diuresis the concentration of urea was always considerably reduced but the total output varied. We observed that in some cases the output of urea was greater on the day following than on the day of the injection. The ammonia in the urine showed no constant changes. It varied in the same patient on different occasions. The changes in these constituents were so small that it is evident that the drug has little action on their excretion. Qo 00 o% 00 00 0.
.00 made daily to see whether there was any evidence of kidney damage as shown by the presence of albumin, casts or red blood cells in the urine. This evidence was completely absent during the period of the investigation which in most cases extended over some months. When these signs were absent previous to the injection they did not appear subsequently. When they were present before they always tended to disappear so indicating improvement.
Changes in the blood Plasma chloride. The chloride content of the plasma has been determined in each case at a period of 41 hours after the administration of the drug. In most cases there was a slight fall at this period (table 1). On the day following the injection it was invariably lower than before injection. In the interval between injections there was usually a rise towards the original level.
Three observations have been made in which specimens were taken frequently throughout the day of the injection (tables 2 and 3, fig. 3 ). Two of these were made on patients, and one on a dog. In the two observations on patients a steady fall took place in the plasma chloride after novasurol was injected and this attained its maximum within 3' hours; thereafter there was a slow rise. In the dog there was on the contrary a preliminary rise which reached its height 11 hours after injection, then a fall which attained its maximum at 41 hours and finally a subsequent rise.
Urea. The urea in the blood also varied considerably (table 1) . In some cases it was slightly higher and in others slightly lower during the day of injection. The next day in the majority of cases, however, it was lower than before injection. The blood urea appears to be influenced only in so far as the drug affects the efficiency of the circulation.
Protin content of the plasma. We have made observations in three instances throughout the day of injection on the amount of protein in the blood plasma by means of frequent refractometer readings. The observations extended from half an hour to seven hours after the injection. The first effect was found to be a fall in the concentration of protein, occurring within an hour and a half after the injection (tables 2 and 3, fig. 3 ). In one case it reached its maximum in half an hour, in another in an hour and a half, and in another in about two and a half hours. There was greater diuresis on the occasion when the lessened concentration took place early. After about two and half hours it began to rise again and continued to do so until in the later stages the blood became much more concentrated than it had been previous to the injection. Corpuscular volume. In most of the observations the volume of the cells in the blood was estimated 41 hours after the administration of the drug and in every case the blood was found to be slightly more concentrated than it had been previously. In one case in which refractometer readings were made at irregular short intervals throughout the day the corpuscular volume was studied at the same time and was found to follow the same curve as the refractometer readings (table 2) .
Hemoglobin percentage. Readings of the percentage of hemoglobin were taken in most instances 41 hours after injection and in every case a slight increase was found. In two cases readings were made throughout the day and in both a primary lowering of the percentage was followed by an increase above the level before the drug was given (table  2) . In one case the protein, corpuscles and chloride were also estimated (table 2).
Changes in edema fluid
Chloride. The chloride in the edema fluid 4' hours after novasurol administration was altered in the same direction as that of the plasma, though the changes observed were slightly less marked. A continuous slight fall always occurred and this was maintained in the interval between the injections in contrast to its behavior in the plasma.
Evidences of toxicity
In only one case, a woman, have we had any evidence of an idiosyncrasy to the drug. This was the case of exophthalmic goiter referred to in the protocols (Case 6). She suffered shortly after the injection from rigor, rise of temperature and vomiting, but recovered rapidly from these symptoms. In a few cases there was been complaint of slight headache on the day the injection was given, and sometimes a slight rise in temperature that evening, both being absent the next day. There has been complt occasionally of slight pain at the site of injection, which rapidly disappeared. No indurated nodules have persisted. On one occasion a small quantity of the drug escaped subcutaneously and produced extreme irritation with the subsequent development of a snall necrotic area in this region. Healing, however, took place promptly. We have seen no evidence of salivation but it seems important that strict attention should be paid to the state of the mouth before and during the administration of the drug.
SUMMARY
Novasurol has been administered in doses of 1 to 2 cc. to eight patients suffering from heart failure. In the majority of cases decded improvement in the clinical condition took place and with one exception no untoward effect occurred. There is no evidence that any damage was done to the kidney. Diuresis commenced within the first 3 hours, reached its height in 6 to 9 hours and terminated usually in 24 hours. The output of chloride followed the same curve as the water output, but was increased to an even greater extent. The chloride in the plasma and in the edema fluid showed a fall subsequent to the injection. The fall was slightly less in the case of the edema fluid. No marked alteration was found in the blood urea or in the amount of urea or ammonia excreted. The protein content of the plasma, the corpuscular volume and the hemoglobin percentage all showed a primary fall which was maximum in 2-hours and was followed by an increase which reached a greater height than that obtained before the injection.
DISCUSSION
In the investigation of a new therapeutic agent it is desirable to learn whether the new remedy has properties not possessed by the drugs already in common use. If it has not it is an unnecessary addition to an already overburdened list. The standard which has naturally to be applied is the evidence of clinical improvement. Too frequently we are dependent on the subjective symptoms which the patient experiences and then relates to us. In edema, however, one has the advantage of being able to study the rate of disappearance of the accumulated fluid and also the fall in weight of the patient which 353 USE OF NOVASUROL IN EDEMA accompanies its diminution. The removal of a certain amount of excess fluid from the body is of itself in most cases advantageous but even if the removal takes place it is desirable to see that there are no after effects of the drug which nullify or counterbalance the good effect which stimulating diuresis brings about. For these reasons we selected for treatment cases in the most advanced stage of heart failure in which there had been no benefit from drugs already available such as digitalis, theocin and diuretin. The results obtained in some cases were spectacular, while usually good results have been obtained. In no case has the patient's clinical condition changed for the worse.
It is necessary since novasur6l contains mercury to be certain that it produces no deleterious effect on the kidneys. We have studied this point and have been unable to obtain any evidence of renal injury. From the point of view of its effectiveness, however, it appears to be better not to administer the drug more frequently than every four davs. Better results are in fact obtained in this way for the amount of urine excreted tends to diminish when the drug is repeated at too short an interval. The first injection should be small in order to ascertain whether an idiosyncrasy to the drug exists.
This drug, besides having a definite action on the water output of the body, seems to have an even greater effect on its salt metabolism. We have obtained no evidence that there is any alteration in protein metabolism.
That phase of its action which has created most interest in the discussion of its pharmacology is whether the drug has its effect on the kidneys of on extra-renal tissues. The advocates of extra-renal action say that there is evidence of dilution of the blood, and conclude that there must be a primary removal of water and salt from the tissues to the blood from which it is only removed by the kidneys because of its excess in the blood. Those who oppose this view state that they can find no evidence of dilution of the blood. Our results show quite consistently that there is a primary dilution of the blood which attains its maximum within the first three hours and then that there is a swing in the opposite direction, so that for the greater part of the period during which diuresis takes place there is really a concentration of the blood. In so far as there is primary dilution of the blood, we agree with Saxl and Heilig (1922, 1923) , Nonnenbruch (1921) Eppinger (1921) . They are of opinion, however, that this is the main factor in the action of novasurol and from this circumstance are led to infer that the action must be on extra-renal tissues and that the kidneys in fact play only a passive r6le. With this view we cannot agree in so far as the main action is concerned but we think their view applicable to the first stage. The primary dilution of the blood might be due to one of two causes, either to the passage of water from the tissues to the blood, or to a lessened output of water by the kidneys. As a matter of fact, a slightly lessened output has been observed in rare instances during the first three hours after injection, but the extent of this is never great enough to account, in itself, for the primary dilution of the blood. We are, therefore, driven to the conclusion that in the early stages fluid must pass into the blood from the tissues. The duration of the dilution of the blood is comparatively short and for the greater part of the period of diuresis there is concentration of the blood. This is clearly shown in our determinations and has been almost invariably found by the other observers who have followed the changes in the blood for a sufficiently long period. The fact that diuresis continues while the blood is concentrated seems to us incompatible with the view that the kidneys are merely removing an excess of fluid obtained from the tissues. They are really playing an active part in the process.
The nature of the changes which occur in the chloride of the body fluids during novasurol diuresis is of considerable interest. Here again the first response to the drug appears to be a shift of chloridion from the tissue fluids to the blood stream. Then, as diuresis becomes established and a rapid excretion of chloride occurs in the urine, the chloride of the plasma quickly decreases in amount (table 3) .
Determinations of the changes in the chloride concentration of the edema fluid have not been numerous enough for definite conclusions to be drawn on the mechanism which is involved in initiating the shift of salt from tissues to the blood beyond the fact that the chloride content is definitely lowered after diuresis. A study of the ionic strengths of the plasma and edema fluids before and during the early shift of the water and chlonrdion from the tissues to the blood stream might throw some light on this interesting phenomenon.
An attempt to analyse the changes occurringin salt and water metab- fig. 3 ) an early increase in the volume of the plasma and the chloride contained in it. Then, as chloride and water were excreted in the urine, these quantities decreased rapidly and reached values much below their original level. Nevertheless, diuresis and increased chlonrde output were maintained in spite of an actual decrease in plasma volume and a diminution in its chloride concentration. It seems necessary to conclude, therefore, that the drug acts not only on the kidneys but also on the tissues which contain the edema fluid. The action on the tissues is manifest for a comparatively short period only after the drug has been administered, and is shown by definite changes in the composition of the blood. Soon, however, the action on the kidneys becomes apparent, as shown not only by diuresis, but also by changes in the blood which are opposite to those occurring during the first period. During the greater part of the drug's action, indeed, the effect on the kidneys completely dominates the picture, and quite obscures the evidence of extra-renal action.
CONCLUSIONS
